Small Vessel Occlusion
Whilst less common than major occlusions, small vessel occlusion is often a cause of diagnostic difficulty, presenting the paradox of gangrene in one or more digits in the presence of easily detectable pulses in the hand or foot. As in the case of major vessels the causative factor may be embolic or thrombotic (Table 1) .
Embolic lesions are usually unilateral wlhereas thrombotic lesions are frequently bilateral and sometimes symmetrical, an important diagnostic point. It is important to recognize early embolic lesions arising from a proximal source in the arterial tree, as these produce widespread occlusion of the small peripheral vessels which cannot be revascularized. Failure to appreciate this may result in loss of the limb, whereas appropriate and expeditious reparative surgery may lead not only to preservation of the limb but to complete resolution of apparently irreversible changes in the affected digits. These microembolic lesions have a characteristic appearance and tend to occur in small clusters or showers over a period of days or weeks. Angiography is usually required to delineate the site of their proximal source in the arterial tree.
Thrombotic lesions of the digital vessels are nearly always secondary to an underlying generalized disorder, the most important being diabetes mellitus. Many of the rare types of vasopathy associated with systemic disease may respond dramatically to efficient treatment of the underlying disorder of which they constitute the presenting feature, hence the importance of their early recognition. Surgical intervention should be avoided in this type of case because it is frequently ineffective and energetic medical treatment may result in a striking improvement of a seemingly hopeless situation. It should be emphasized that there may be a delay of many months and sometimes years between the appearance of digital lesions and the fully developed syndrome. This is characteristically in Raynaud's syndrome, where digital necrosis is invariably associated with widespread arterial thromboses and the majority of patients thus affected ultimately develop a systemic collagenous disorder such as scleroderma some 5-10 years later (Fig 3) . Occasionally the surgeon may be forced to intervene because of intractable pain but the results of either local amputation or sympathectomy for the digital lesions associated with these systemic disorders are poor.
Mr Bernard Nolan (Department ofSurgery, University ofEdinburgh, Teviot Place, Edinburgh, EH8 9AG) Management of Acute Traumatic Ischaemia Acute traumatic ischemia is probably the most serious complication of limb injury. In the past it was assumed that this type of ischemia was always due to direct arterial injury but it is now appreciated that it may also be caused by compression of uninjured vessels within closed osteofascial compartments such as the calf.
Acute ischoemia may present with numbness and a feeling of coldness in the affected limb, or with pain arising from the ischemic muscles. The extent of the affected area depends upon the site of the occlusion and the effectiveness of any collateral circulation that may be present. Examination reveals that the overlying skin is pale and cold, the superficial veins are collapsed and pulses are absent distal to the level of the injury. As time passes nerve function becomes progressively impaired and this leads to motor paralysis and anesthesia. The infarcted muscles become hard, contracted and swollen. Finally, blistering and gangrene appear.
The speed with which these features develop and the degree to which they progress depend upon the amount of collateral circulation available. In the early stages it may be difficult to decide if the viability of the limb is really endangered. This is particularly so in a shocked patient with peripheral vasoconstriction. In such a case the ischaemia may become apparent only when the circulation in the affected limb fails to improve as resuscitation proceeds. It is advisable, therefore, when dealing with patients with serious injuries to reassess the peripheral circulation once immediate needs have been attended to and resuscitation is well under way.
Direct injury to an artery may result in transection, contusion or spasm. Complete transection may be caused by sharp objects but it is not uncommon in blunt injuries when the artery may be torn apart. Partial transection is usually caused by sharp objects, and leads to false aneurysm formation rather than ischaemia. Arterial contusion is usually the result of blunt injury. The term indicates that organic damage is present in the wall of the vessel. The layers of the arterial wall vary in their resistance to blunt injury; the intima ruptures first and retracts exposing the media which, in turn, ruptures more readily than the adventitia. When the media remains intact the affected segment may contract but this can be distinguished from pure spasm by the presence of bruising in the wall of the'artery.
Spasm may occur in the absence of any organic damage to the artery. It is usually a response to the violent acceleration caused by a high-velocity missile passing through the tissues close to the artery without actually hitting it. It is rarely encountered except in military practice although it occasionally complicates certain fractures such as the supracondylar fracture of the humerus in a child. For practical purposes it is best to ignore the concept of arterial spasm and to assume that ischamia is due to organic arterial damage until proved otherwise by surgical exploration.
One reason for the serious nature of contusion and transection injuries is that thrombosis takes place almost immediately in the damaged segment. The thrombus tends to propagate both proximally and distally blocking vessels which form part of the collateral circulation. When this happens the ischaemia may become progressively worse.
In the management of acute traumatic ischaemia the most important thing is the restoration of an adequate circulation before irreversible changes develop in the tissues. Even under favourable conditions muscles and nerves rarely tolerate more than six hours of complete ischiemia. When already traumatized as a result of the original injury they may develop irreversible changes in a much shorter time. The presence of even a minimal circulation cannot be assumed. When the time that has elapsed between the injury and the patient's arrival at hospital is taken into account it is obvious that treatment must begin immediately after admission. The situation is made even more urgent by the fact that any associated fracture or dislocation must be reduced and immobilized before arterial repair is carried out if the vascular anastomoses are to have the protection from movement that is so important if they are to remain patent. When the orthopaedic procedures are expected to be prolonged the circulation may be temporarily restored by connecting the proximal and distal parts of the damaged artery by a shunt. The standard teflonsilastic shunts of the Scribner type used in connexion with intermittent hmmodialysis are suitable for the purpose.
In most cases the site of the arterial injury is obvious. If arteriography is considered necessary adequate films can be obtained on the operating table by the use of a portable X-ray machine. Formal arteriography, carried out in the X-ray department, is contraindicated as it is both timeconsuming and unnecessary.
The first stage of the operation is to excise any associated wound in the usual way and to examine all the important structures that might be involved in order to get a complete assessment of the extent of the injury. The damaged artery is exposed and examined. It is important to realize that cellular damage may extend into what appears to be normal artery. In most cases it is necessary to excise the damaged segment together with one or two centimetres of apparently normal artery on either side. In less severe injuries with minimal intimal damage arteriotomy and removal of the thrombus may prove sufficient provided a vein patch is used to repair the arteriotomy incision. Thrombosis tends to recur if a patch is not used. Propagated secondary thrombus should be removed with a thrombectomy catheter until the vessel has been cleared and good backbleeding has been obtained. Heparinized -saline should then be injected into the ends of the artery and either clamps applied, or a shunt inserted, while any fractures or dislocations are stabilized. When this has been done arterial continuity is restored by end-to-end anastomosis if possible, but more commonly by the insertion of a vein graft. When several arteries have been injured at the same level in the distal part of the limb a satisfactory circulation can usually be restored by the repair of only one of them. Arterial transfers of the crossover type have been used successfully on some occasions when multiple arteries were occluded in the distal part of the limb (Nolan & McQuillan 1965) .
Swelling of the tissues at the site of injury may make skin closure difficult without compressing the site of arterial repair. In such circumstances it is best to leave the wound open and lightly packed with a tulle gras dressing. A delayed primary closure or skin graft should be carried out four days later.
If there is any evidence of muscle contracture at the end of the operation it is advisable to decompress the muscle compartments by incision of the overlying skin and deep fascia.
A quite different type of acute ischwmia arises as a result of hvmorrhage or cedema developing within a closed osteofascial compartment such as the calf, the anterior tibial compartment, or the forearm. The rise in tension develops slowly and the onset of ischaemia is correspondingly delayed and insidious. There is often no evidence of ischmmia at the time of admission and the patient S Section of Orthopjdics 209 may have been operated upon, had fractures reduced or the limb splinted before it occurs. Complaints of pain or other forms of discomfort in an injured limb are not uncommon at this stage and there is a danger that the medical or nursing attendants may give analgesics without realizing that the pain is the first sign of severe muscle ischemia. For that reason it is advisable to recheck the limb circulation before giving postoperative analgesics to a patient with a limb injury. This simple precaution has often led to the detection of osteofascial compartment compression at a stage when treatment gives uniformly good results.
The first symptoms are discomfort or pain in the muscles within the affected compartment. Distal hypoesthesia may occur as a result of interference with the blood supply of nerves passing through the compartment. The rise in tension first affects the circulation through the small arterial branches within the muscles and nerves and may render these structures completely ischamic before it reaches the point where it occludes the main arteries passing through the compartment. Ischemia sufficient to cause permanent muscle or nerve damage may thus exist despite the presence of palpable distal pulses and good skin perfusion. The diagnosis may present great difficulty, but an awareness of the possibility of the condition, together with the finding of raised tension within one or more osteofascial compartments, muscle weakness or paralysis, and impaired nerve function, should make it possible. Once the main vessels passing through the compartment become compressed signs of acute ischmmia rapidly develop in the distal part of the limb and treatment must be started immediately if muscle necrosis is to be avoided.
Treatment is by decompression of the affected compartment. This is achieved quite simply by making a long incision through the overlying skin and deep fascia. The compressed muscles, which have a dead-looking grey appearance when first exposed, bulge out of the wound and rapidly assume the bright red colour of reactive hyperemia. The wounds have to be left open and dressed with absorptive material as considerable amounts of cedema fluid may leak from them. Delayed primary skin grafting can usually be carried out four days later. The swelling of the limb may take several weeks to subside.
In the case of arterial injuries the results of treatment are gratifying provided the circulation is restored in time (Hughes 1958) . Thrombosis may reaur if the damaged vessel is not resected adequately or if it is subsequently kinked by the redisplacement of an associated fracture or dislocation. In the case of compartmental compression the results are entirely dependent upon timely diagnosis and treatment, being uniformly good when decompression is early and uniformly bad when it is late.
Mr Adrian Marston (The Middlesex Hospital, London WI)
The Ischsemic Leg in Orthopedic Practice Isch,emia of the lower limb may present to the orthopedic surgeon as a problem in differential diagnosis, management or prognosis.
The Diagnostic Problem
In any vascular surgical clinic there are seen a number of patients with sciatica, osteoarthritis and rheumatoid arthritis who require referral to the orthopedic department, and similarly patients with arterial insufficiency are, quite frequently, referred in the first place to the orthopedic department. The classical way in which these patients present is with pain in the calf or, more rarely, in the thigh or buttock, which is felt on walking a certain distance and disappears on resting. The way in which this symptom is described by a wide variety of patients is remarkably constant, and the typical description of 'cramping up', 'heaviness' and 'tightness' of the legs helps in diagnosing obstruction of the femoral artery. The diagnosis is confirmed by finding absent pulses below the groin.
The situation is usually straightforward. However, the occasional paradoxical case does turn up, where the symptoms are exactly those of claudication, but on examination the patient is found to have full pulses, although these may be diminished at ankle level. Although it does occur, ischlemic pain in the presence of a palpable posterior tibial pulse is unusual, and prompts the suspicion that one's original impression may have been wrong. The difficulty is easily resolved by a simple test. The patient is sent for a brisk walk wearing shoes but no socks, and is instructed to come straight back into the examination room, take off his shoes and lie on the couch. If the case is one of arterial insufficiency, it will be found that the foot has turned white and the pulses have disappeared. If such has not occurred, the diagnosis probably lies elsewhere. The explanation of this useful physical sign is that with a' diminished arterial input pressure, exercise hyperxemia in the calf muscles is enough to 'steal' blood from the foot, so that the pulses disappear.
